Abstract
In this paper we examine whether collective action is consistent with larger carbon stocks per hectare in the community forests of Nepal. We also test whether collective action results in greater tree density per hectare, additional canopy cover and more regeneration measured as seedlings per hectare. Our main finding is that within the existing institutional environment, collective action broadly defined has very important, positive and large effects on carbon stocks and in some models on other generally aspects of forest quality. Depending on our measure of collective action, we are able to identify carbon effects at both the forest and plot levels, but especially at the plot level when plots are matched based on plot and forest characteristics. We also find that the Nepal Community Forestry Programme does not provide a unique path to forest health or carbon sequestration. Indeed, in several models CFs do no better than NCFs, while broader measures of collective action show consistent effects, particularly on carbon.
Importance of the Issues and Introduction
Evidence published in March 2013 suggests that the earth is now hotter than about ¾ of the last 11,000 years (Marcott et al., 2013) and IPCC (2014) evaluated with medium confidence that the period 1983-2012 was hotter than the last 1400 years. Based on ice core evidence, IPCC (2014) also notes that the concentration of greenhouse gases (GHG) in the atmosphere is now greater than at least the last 800,000 years and the rate of increase in the last 100 years is unprecedented in the last 22,000 years (high confidence).
GHG concentrations continue to rise and the climate will adjust to the existing concentrations by warming for over 1000 years (Archer, 2009) . In principle, therefore, all possible means need to be used to slow climate change. The United Nations Framework Convention on Climate Change (FCCC) of 1992 is the international agreement that governs these international efforts. It is generally agreed, that, despite the severity of the challenge, to-date the FCCC has yielded insufficient results or agreements for concerted action. As a consequence, atmospheric carbon concentrations continue to rise and in 2011 increased approximately 3% (Gillis and Broder, 2012) .
One reason for the relative lack of progress on climate change is that under the FCCC only the 41 countries listed in Annex 1 out of a total of almost 200 countries have obligations to reduce GHG emissions. This regulatory regime is in place even as non-Annex 1 country emissions make up more than a majority of global emissions, since 1992 have increased much faster than those from Annex 1 countries and are projected to reach 2/3 of global emissions by 2030 (Stern, 2013) .
Non-Annex 1 countries must be enticed to reduce emissions and one important area of cooperation is land use change. The UN Collaborative Programme on Reducing Emissions from Deforestation and Degradation (REDD+) is a still-emerging program by which FCCC Annex 1 countries provide financial support to non-Annex 1 countries, such as Nepal, in exchange for measurable reductions in deforestation and forest degradation.
These reductions represent potentially important climate change contributions, because deforestation and forest degradation account for between 12% and 20% of annual GHG emissions.
In the 1990s, largely from the developing world, forests released about 5.8 Gt per year, which was more than all forms of transport combined (Saatchi et al., 2011; van der Werf, 2009) . Total carbon stored in forests is estimated at 638 gigatons (UNFCCC, 2011) , with approximately 80% in above ground biomass.
2 Virtually all net deforestation occurs in developing countries (Saatchi et al., 2011 ).
While REDD+ is being rolled out, an important outstanding question is how to incorporate the approximately 25% of developing country forests that are managed by communities (World Bank, 2009; Economist, 2010) . These community forests may contain significant carbon that could be protected under REDD+ and perhaps collective action even now is sequestering carbon.
If forests are a key source of greenhouse gas emissions and community forests are about a quarter of developing country forests where virtually all net biomass loss is occurring, it is difficult to imagine addressing climate change without bringing community forests into REDD+. The possible tradeoff, however, is that in most low-income developing countries forests provide products that are essential to the daily lives of people, including fuelwood, forest fruits and vegetables, building materials and animal fodder (Cooke et al., 2008) .
The question we examine is whether, using three different measures, forest collective action in Nepal is consistent with larger carbon stocks per hectare. As carbon is not necessarily the same as forest health, we also test whether collective action results in greater tree density per hectare, additional canopy cover and more regeneration measured as seedlings per hectare.
The chain connecting better collective action and carbon stocks runs through better management and higher forest quality. Better quality forests have more biomass, because reduced fuelwood, timber and fodder collections reduce pressures on forests allowing them to regenerate.
Better management is what drives these results and in community settings are potentially the result of more effective collective action.
We test our hypotheses using a nationally representative random sample of forest dependent communities and forests that are part of the Nepal Community Forestry Programme, which is the most important forest devolution program in Nepal. Over 18,000 registered forest user groups are in existence, representing over 35% of the population.
This treatment group is matched with an equal number of forests that are not part of the program. A total of 130 forests made up of 620 forest plots are analyzed and the effects of collective action, including being part of a registered community forest (CF), are evaluated using panel data regression, OLS regression and propensity score matching.
Our main finding is that within the existing institutional environment, collective action has very important, positive and large effects on carbon stocks and often on other measures of forest quality. Depending on our measure of collective action, we are able to identify effects at both the forest and plot levels, but especially at the plot level when plots are matched based on plot and forest characteristics. We also find, though, that the Nepal Community Forestry Programme does not provide a unique collective action path to forest health or carbon sequestration. Indeed, in several models CFs do no better than non-community forests (NCFs), while broader measures of collective action show consistent effects, particularly on carbon.
To continue our examination, in Section 2 we provide a very brief discussion of the literature at the intersection of carbon sequestration and collective action. We present the Nepal community forestry experience in Section 3. In Section 4 we discuss our sample frame and data.
Our empirical approach is presented in Section 5 and Section 6 discusses our results. Section 7 draws key conclusions, policy implications and highlights areas for further research.
Key Literature on Carbon Sequestration and Collective Action
Forests play a critical role in climate change, because they are a source of greenhouse gas emissions and offer sequestration opportunities (Chaturvedi et al., 2008 Kindermann et al., 2008 ).
An estimated 15.5% of global forest is under the control of communities, providing key subsistence products and the trend toward community control is increasing (RRI, 2014) . Using worldwide, but fairly coarse, forest data and highly aggregated forest collective action elements, Chhatre and Agrawal (2009) demonstrate there are possibilities for both tradeoffs and synergies between carbon sequestration and community livelihoods. They conclude by suggesting the need for detailed studies to better understand the implications when forests are controlled by communities. Similarly, in the Amazon, Bottazoi et al. (2014) recommend focusing on the intersection of institutional, socio-economic and biophysical factors to better understand the implications of REDD+. Beyene et al. (2013) estimate that the quality of local institutions may be one of the most important determinants of carbon sequestration.
A number of researchers have focused on the risks of REDD+ for communities, including the potentially difficult economic transitions and negative impacts on rural livelihoods (e.g. Sikor et al., 2010; Morgera 2009; Campbell, 2009; Coomes et al., 2008; Putz and Redford, 2009; Caplow et al., 2011) . As the focus of our paper is on the carbon sequestration potential of community forests within REDD+ rather than the effects of REDD+ on communities, we do not discuss this literature. Yadav et al. (2003) , Gautam et al. (2003) and others claim that CFs in Nepal can help reduce deforestation and forest degradation, which could imply that it also reduces carbon emissions, increases sequestration and should be promoted under REDD+. This is not universally agreed, however, and broadening our understanding of forest biomass dynamics in both CFs and NCFs is important.
A variety of indicators are used to assess forests, but all include variables that estimate the health and vitality of forest ecosystems, such as tree and seedling density, crown cover and primary productivity measured as biomass and/or carbon stock. Carbon constitutes approximately 50% of forest biomass (Gibbs et al., 2007) and this is also the IPCC (2006) default value. While there are no universally accepted methods to measure all forest biomass or carbon stocks, forest attributes, such as tree dimensions and densities can be converted into estimates of carbon stocks using allometric equations (Gibbs et al., 2007) . There remains a need to sharpen and tailor models to estimate biomass and carbon (Manandhar 2013) .
Assessing baseline carbon is critical for calculating carbon increments and assuring REDD+ additionality and a range of remote sensing and ground based measurement methodologies available. One widely used and important tool is the Normalized Difference Vegetation Index (NDVI), which is a measure of vegetative cover based on remotely sensed data.
The NDVI is directly related to photosynthetic capacity and energy absorption of plant canopies (Sellers 1985; Myneni et al., 1995) , which is linked to carbon. Though it cannot be used to estimate carbon per se, the NDVI provides an important measure of baseline land quality.
Brief Overview of Community Forestry in Nepal
Nepal introduced the Community Forestry Programme in the late 1980s in the context of serious deforestation and forest degradation, because centralized forest management was not working (Guthman 1997; Ojha et al., 2007; Hobley 1996, Springate-Bejinski and Blaikie 2007; Carter and Gronow 2005; Mahanty et al., 2006) . In its short history of 30 years, the CF Programme is believed to have delivered demonstrable ecological, economic and social benefits. First, there is evidence of positive changes in both forest quality and quantity, including increased growing stock and biodiversity (Branney and Yadav 1998; Gautam et al., 2003; DoF, 2005) . Second, the CF Programme is believed to have increased community infrastructure, social services and rural incomes and helped create conflict resilient and democratic community institutions (Kanel and Niraula 2004; MoFSC, 2013 (Luintel et al., 2013) , social and environmental safeguards and benefit sharing. In Nepal, CFs are perhaps the most important REDD+ institution and it is especially important to understand the linkages between CF collective action, deforestation and degradation. Figure 1 shows the spatial distribution of CFs and NCFs. CFs tend to be concentrated in the hills and NCFs in the Terai, which reflects the population of CFs, which is highly concentrated in the hills. 3 The number of plots was calculated for a 10% error and 95% level of confidence using the standard formula (Saxena and Singh, 1987) .
Sample Frame and Data
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(1) n = Cv 2 t 2 /E 2 , where Cv = s/µ, s is the standard deviation, µ is the sample mean and E = s/√n, where n is the number of samples, t is the value of the student t distribution with degrees of freedom (n-1).
The sampled forests are of different sizes, with the smallest forest 1.1 hectares and the largest 1088 hectares. It is important to take more samples in larger forests, but there is little guidance on how the plots derived from Equation 1 should be distributed. Table 3 presents the distribution of plots across quintiles of the size distribution for CF forests. 4 A pilot survey was used to estimate the number of plots required for the forest inventory. A total of 45 plots from 9
forests (3 each from mountains, middle hills and Terai) were randomly selected from the 137 forests. In each pilot forest a boundary survey was conducted using GPS and the five plots were randomly chosen. The pilot forest inventory was then carried out using the forest inventory guidelines of Subedi et al. (2010 After forest boundaries were identified, sample plots were chosen using randomly generated GPS points. If a GPS point proved inaccessible (e.g. on a very steep slope) or inappropriate (e.g. in a stream), additional random points were generated. The GPS point chosen Sapling biomass (trees less than 5cm at a height of 1.3 m) was estimated using a 100 m 2 concentric circle within the 250 m 2 circle. Biomass was estimated for stem, branch and foliage.
On average, sapling biomass is only 3% of total plot biomass, however, and virtually all biomass is contained in trees. Seedling biomass was not estimated, but numbers of tree seedlings were counted using a 3.14 m 2 concentric circle (1 m radius). On average, 1 meter radius plots contained 3.03 seedlings, implying 30,356 seedlings per hectare.
During the plot survey a variety of environmental data were collected that are believed to affect biomass and carbon. Community level data were also collected and four variables are used in the analysis. Community data are directly collected for NCFs and for CFs taken from MoFSC (2013). Both sources use interviews with executive committee members. For CFs, pairing communities with forests was straightforward, because forest metrics and user lists are approved at CF establishment and any changes must be recorded. For NCFs the one forest analyzed is the 6 If trees are lopped, as can be important in Nepal, branch biomass will be missing and AGTB will be overestimated. We address this issue by analyzing a variety of forest quality measures, including percentage of canopy cover. Such measures are less subject to lopping bias.
7 District average annual rainfall data was used to categorize stands. Dry stands have average annual rainfall of <1500 mm. Moist stands are those having average annual rainfall of 1500-4000 mm. Wet stands are in areas with average annual rainfall of >4000 mm.
forest identified by users and/or their leaders as the most important forest used by communities to collect subsistence products, such as fuelwood and fodder and for grazing. NCFs present other challenges. For example, NCFs generally have not been officially mapped. Forest mapping was therefore done based on identification of the periphery by user group leaders, GPS points were taken, area calculated, etc. User households may also be less well defined than in CFs. Member lists sometimes do not exist and there may even be disagreements about the composition of NCFs.
Numbers of households in NCFs were therefore calculated on-site after developing user group lists in consultation with user group leaders.
Variables
Forest data are collected at the plot level and it is at this level that all dependent variables and most independent variables are measured. Relying on our random sampling methodology, dependent variables, such as carbon, that are countable are converted to per hectare values. For the forest-level analysis we then average across plots (e.g. across 7 plots for forests in the top quintile of the size distribution). Dependent variables are analyzed in logs at the forest level and
in unlogged values at the plot level to avoid losing observations when plot values are zero.
Though our main interest in this paper is carbon sequestration and the possibility that collective action and particularly the formal Nepal CF system sequesters carbon, carbon is not the only measure of forest health. Our first alternative to sequestered carbon as a forest quality metric is number of trees per hectare, which attempts to address the possibility that the carbon stock on a plot could consist of a few or even one giant tree; hardly an indicator of a robust forest. The third dependent variable measure is percent canopy cover from the center of each sample plot, which evaluates the extent of side branches in sample plots. Our primary interest is in the effects of collective action, which are measured using three dummy variables. The first is CF status, which is a legal designation. We test whether this legal designation affects carbon storage. CF designation is in reality, however, a subset of broader forest collective action and there is evidence in the data that some NCFs engage in significant collective action. For example, even though they have no legal status, 37 of 65 NCF leaders are able to identify the year their forest user group was formed. The first group started in 1991 and the most recent NCF "group" was established in 2012. Whether forest user groups can identify the year they were formed is therefore a potentially important alternative and more inclusive measure of collective action 9 .
Many NCFs not only identify their formation year, but also claim collective action Our last three independent variables are at the community level and capture extraction pressures. The first variable is the total number of households in forest user groups and the second is total forest area in hectares per household. The third variable is the forest user group migration rate, which is defined as the fraction of sample household members in forest user groups that are reported to have migrated. This variable is included, because migration is significant in many Nepali villages and in our sample several forest user groups had over 20% migration rates. In all plot level models robust standard errors are clustered at the community level to incorporate unobserved community factors like total cattle in the community, ethnic group, religion, etc. for which we do not have data. As discussed in the following section, the panel data models adjust for key plot level unobservables. The independent variables are given in Table 4 along with means for CFs and NCF and the results of Wilcoxen rank-sum tests of whether CF and NCF forests are drawn from the same distribution. The test accommodates non-normal distributions by comparing medians, with p values giving the level of confidence with which we can reject that the variables are from the same distribution. There are some statistically significant differences, particularly with regard to ecological conditions, because most CFs are in the hills and NCFs tend to be in the Terai. This yields differences in altitude, soils, slope, etc. Community variables in Table 4 , as well as average household-level socioeconomic variables (caste, wealth class, access to roads, etc.), presented in Appendix 2 are not significantly different. These suggest that the communities and individuals that make them up are broadly the same and key differences are ecological and CF status. In the Appendix are comparisons of respondent-perceived forest institution differences. Though the results suggest significant collective action in NCFs, there are also major mean differences across CF and NCF households, including in participation, forest management structure and quality, with
CFs on average reported as performing significantly better than NCFs. Our hypothesis is that better performance will be reflected in better forest quality, including carbon sequestration.
Empirical Methods
Forest and plot-level analyses are conducted. At the forest level we estimate OLS regression models with dependent variables in logs and robust standard errors to adjust for heteroskedasticity. CFs are a form of local collective action that has been formalized by government, but CF communities are in no sense chosen and are rarely encouraged by the state.
We therefore do not see CF designation as subject to endogeneity, but any tendency of CFs to be formed to take advantage of valuable forests should be captured by our 1990 NDVI variable. We complement our carbon and tree forest quality measures with percent canopy cover and regeneration, which are quality measures with few incentives to assert property rights.
We also note that simply being able to identify a forest user group formation year is a measure of collective action that is particularly immune to selection and endogeneity bias.
Establishing a CF requires paperwork, time and negotiation outside the community that is generally costly; communities therefore have skin in the game when they apply for CF status. For example, using a survey of 309 households belonging to eight different forest user groups in the middle hills of Nepal, Adhikari and Lovett (2006) find that transaction costs for CF management as a percentage of resource appropriation costs are as high as 26%. The same is not true for NCFs engaging in collective action. Self-organizing to the level that community leaders can identify a user group start year is much less costly than forming an official CF. Indeed, anecdotal evidence suggests that some NCFs are highly organized, but perhaps to avoid transaction costs choose to remain under the radar.
Viewing forest collective action in Nepal as exogenous to current forest quality seems particularly appropriate in areas where communities are stable and have traditionally controlled forests using customary methods. Indeed, having a core of households that were able to cooperate settle in an area and several generation later their descendants formalize collective action as a CF could reasonably be considered an exogenous treatment.
We test whether 1990 NDVI adequately adjusts for baseline carbon levels by running forest level regressions of average carbon per hectare on the 1990 forest NDVI. We then examine whether forests that are governed by each of the three types of collective action have total carbon that is statistically different from the predicted values. For example, carbon above the full-sample prediction might suggest that forests having a particular governance form (after adjusting for the 1990 NDVI) also have more carbon than the overall sample. Using t tests for differences in means, we find that no collective action institutions systematically have excess carbon after controlling for 1990 NDVI. We do find, however, that NCFs for which leaders cannot identify a user group formation year (presumably open access) have significantly less carbon than predicted by the 1990
NDVI. On average, these 28 forests have 52 tons per hectare less carbon than predicted by the regression, which suggests that lack of collective action reduces carbon sequestration.
To complement our OLS estimates of the effects of collective action on our dependent variables, we estimate average treatment effects using propensity score matching based on observables. Though not addressing unobservable factors affecting the probability of treatment (e.g. the existence of a strong leader), matching on observables is a potential way to appropriately construct a counterfactual (i.e. what would have happened to a forest or plot had it not become a CF) and is often used for such observational data (Rosenbaum and Rubin, 1983) .
Propensity scores estimate the probability that an observation is in the treated group using a probit model. Explanatory variables in our probit models utilize the environmental and community variables in Table 4 and it is on this basis that CF treated and control NCFs are assigned propensity scores, matched and levels of dependent variables compared. 13 As estimates are very similar across various propensity score matching methods tried, only nearest neighbor matching results are reported. Other matching results are available from the authors.
The possibility that unobservables affect our dependent variables is addressed in the plot level models, where we run random effects-by-plot models. In taking this approach we assume that unobservable cross-forest variation is random (i.e. given by nature) and uncorrelated with independent variables. Given that we are analyzing natural phenomena, such an assumption seems reasonable. We also choose a random effects approach because we are interested only in variation in plots across forests. If we were interested in intra-forest inter-plot variation, a fixed effects approach would be most appropriate. The final reason we choose random effects is that several variables, including CF status and CanIDFUGyear, do not vary across plots within forests. Using a fixed effects model would cause such variables to drop out of the models.
14 13 As discussed below, in plot level models balance of treated and untreated plots could not be assured when propensity scores were estimated using all variables in Table 4 . Balance is critical to the method and a subset of observed variables for which balance is assured are therefore used to estimate the propensity scores. 14 Results of pooled OLS with errors clustered at the forest level are very similar to the random effects results and are available from the authors. One can also estimate models with time varying and time invariant variables using Mundlak (1978) or Hausman-Taylor (1981) We begin this section with simple descriptive statistics. Table 5 presents means and standard deviations for our four forest quality measures, which are our dependent variables. Table   6 breaks total carbon down by CF/NCF and hill/Terai. Average carbon per hectare in CF forests is similar to those in NCFs and the difference is not significantly different from zero. The difference between hill and Terai forests is, however, significant, with Terai forests having on 15 For proposed CFs we test whether 1990 NDVI adequately adjusts for baseline carbon levels by running a plot level regression of total carbon on 1990 NDVI. We find that 45 of the 108 proposed CF plots (out of a total of 620 plots) are below the regression line (i.e. actual carbon is less than the full sample would predict). We do, however, reject the hypothesis that adjusting for 1990 NDVI the difference between the actual and predicted carbon is zero (p<0.01).
average 42% more carbon than hill forests. This difference reflects the generally more productive ecosystems and differing species compositions in the Terai. NCFs to avoid confusion with CF status and to better balance our samples. We see that forest groups that can identify the formation year of their forest user group have more carbon per hectare on average than forests without an identifiable formation year.
Whether forests are located in the hills, the Terai or in total, average carbon per hectare is greater if a formation year is identifiable. In the Terai, for example, forests without an identifiable formation year have only 70% of the carbon of those with an identifiable year. Overall, though, the value is about 55%. Tables 8 and 9 present the forest level OLS regression results for our four dependent variables with and without the CF dummy and the CanIDFUGyear dummy. Of course, our main interests are in the CF and CanIDFUGyear dummies. These models suggest that CF status has at best no effect on forest quality. CanIDFUGyear is, however, positively associated with carbon per hectare in both models in which it appears, with a marginal effect of 44% (p<0.12) to 79% (p<0.01). The OLS models therefore suggest that NCF communities that can identify the year of user group formation sequester substantially more carbon than those who cannot. Our conjecture is that this effect is due to collective action proxied by
CanIDFUGyear that matters for forest quality, suggesting that collective action may potentially be important for REDD+.
If this conjecture that collective action is important for forest quality is correct, it may follow that collective action that has been in play for longer (and therefore had more time to affect forests) would lead to more carbon sequestration (and perhaps other measures of forest quality) than newer collective action. Tables 10 to 12 present OLS models analyzing the effect of forest user group vintage (for groups that were able to identify formation years) on our four measures of forest quality for the full sample, CFs and NCFs.
As time under collective action progresses we would expect to see diminishing returns to collective action. We therefore include quadratic and cubic terms to allow for curvature. In the CF models we see some statistically significant effects of vintage on forest quality for the quadratic specification, but due to multicollinearity between the moments of vintage not when we add the third moment. For CFs, we therefore use a quadratic specification. In the interest of brevity, because covariate variable results are similar to those in Tables 8 and 9 , they are not presented.
These results are, of course, available from the authors. Other results are similar to previous models, except leaving out forests with no evidence of collective action and including vintage appears to bring out the importance of forests being located in the hills. We find that the hill dummy is positive and significant in four of eight models, with marginal effects in the 35% to 80% range. We now turn our attention to the propensity score matching models, where the treatments are CF status and CanIDFUGyear (for NCFs only to avoid conflating with CF status). Both propensity scores are estimated using the full sample and are balanced, indicating that the treatment and constructed control are comparable. Matching is only done within the region of common support of the propensity score, which assures we are analyzing comparable forests and excluding unmatched observations. All estimation results are available from the authors.
To estimate the propensity score for CanIDFUGyear, all environmental and community variables are included. In the propensity score model of CF status the environmental variable Totalforestarea was dropped, because it allowed us to increase our matched sample by 7 forests.
With that variable included, treatment and control groups were still balanced, however. restricted. Compared with the mean, the effect is approximately 60% (p<0.10). These forest level findings reinforce the conclusion from the OLS forest level models that it is not CF status per se that is good for forests, but collective action.
As shown in Tables 14 and 15 16 Only panel data models are shown. Pooled OLS results are similar and are available by request. 17 In the plot level random effects model we find that CanIDFUGyear reduces crown cover (p<0.05). Plots in forests that had more vegetation in 1990 are also of higher quality in 2013. As was true at the forest level, plots in larger forests tend to be of higher quality, adjusting for all other factors, except when measured by trees per hectare, which is not statistically significant. Sal forests are estimated to have more carbon, trees and seedlings per hectare, probably reflecting the greater primary productivity of those ecosystems. Hill plots have more trees and seedlings per hectare than the Terai, but an extra meter of plot altitude is estimated to result in 16-20 fewer kilograms of carbon and about the same fewer seedlings per hectare.
Plots governed by forest user groups with more households (i.e. larger groups) have more trees per hectare and more crown cover. As was true at the forest level as well, Forestperhh is not a significant determinant of forest quality in any model. These results again suggest that population pressure is not an important factor and if anything the effects of population are positive.
Other variables are estimated to be significant on idiosyncratic bases. Plot level propensity score matching models presented in Table 16 confirm the results at the forest level and also the panel-by-plot random effects estimates, but due to the larger sample sizes and details on plot characteristics (aspect, soil type and color, sal forest, etc.) these models offer more precise estimates. 18 CanIDFUGyear is again a significant determinant of carbon per hectare, with plots in forests for which the formation year can be identified having about 50% more carbon compared with average plots. They also have substantially more seedlings per hectare, but a lower percentage of canopy cover as was the case in the plot level random effects models.
As in other models, CF status is positively associated with carbon per hectare, but when and all results are, of course, available from the authors. 18 As discussed above and detailed in the Appendix, NCFs were chosen to match with CFs sampled by MoFSC (2013). There was therefore no trouble balancing all blocks. Plots within forests, where much more heterogeneity exists and which were sampled randomly, were more difficult to match. While at the forest levels all exogenous variables could be used to estimate the CF dummy and CanIDFUGyear propensity scores, to obtain balance only the following variables were used in the plot level propensity score estimations: NDVI_1990 Sal forest dummy and clay/loam soil dummy. Indeed, plot level random effects models that consider unobservable forest level characteristics, as well as the plot-level nearest neighbor propensity score matching models, indicate that proposed and existing CFs have better quality forests in all respects except for canopy cover.
The average treatment effect on sequestered carbon by collective action definition is summarized in Figure 2 for the propensity score matching models. In general, the broader measures of collective action are estimated to sequester more carbon and the effects are very large (e.g. 30% to 80%) compared with mean carbon stocks. 
Discussion and Conclusions
In this paper we use a random sample of CFs matched with NCFs that local experts specifically identified as best possible matches. The forest level propensity score estimates and the comparison of actual and predicted carbon, adjusting for 1990 NDVI, indicate a high degree of balance, suggesting that treatment and control communities are comparable.
To derive results, we use methods that are highly labor intensive, but allow us to carefully estimate carbon for both trees and saplings, count trees, evaluate canopy cover and examine regeneration, which are extremely important measures of forest health and future biomass.
Because on-the-ground estimation methods are used, we are also able to gather detailed plot level environmental data like forest type, soil type, soil quality, evidence of fire, altitude, and slope that in many models are shown to be important determinants of forest quality. As our data are collected at one point in time, we include 1990 forest level NDVI estimates to adjust for vegetative baseline.
Not surprisingly, we find that baseline vegetation matters for forest quality in 2013.
We find that within the existing institutional environment collective action has very important and generally positive effects on forest quality. Indeed, in all models, user groups with a well-defined establishment year sequester more carbon compared with NCFs whose leaders could not identify an establishment year. We believe well-defined establishment year is an important indicator of collective action. It requires a group decision, which is important, but is not subject to nonrandom sample selection because there is no formal opt-in decision.
A policy conclusion that may be drawn from these results is that as part of a robust REDD+ It is perhaps surprising that collective action per se is so important for carbon sequestration when at present this value is completely uncompensated. We would like to suggest that this result is really about collective savings. Carbon sequestration is a linear function of biomass, which can to a first approximation be referred to as "fuelwood" and "timber." In our view communities that engage in collective action are not sequestering carbon, but are allowing forests to grow in the hope that later they will harvest the fuelwood and timber.
Current rules and governance arrangements associated with timber harvest are and have been very conservative, often poorly defined and ad hoc. If these rules are clarified and, as would probably be appropriate from a local perspective, loosened, there is every reason to believe that timber harvests will increase, potentially putting sequestered carbon at risk. Under current arrangements carbon sequestration is therefore somewhat impermanent and the policy implication is that it is probably not appropriate to simply consider carbon sequestration as a byproduct of collective action that would have occurred without any international support. The additionality of carbon sequestered in community forests should therefore be evaluated in light of communities' current and future incentives for harvest.
Our data do not allow us to track forest quality and carbon sequestration across time. This is a limitation that we have tried to minimize through careful random sampling and use of statistical 
